Abstract. According to the requirements of vehicle to power supply system, the structure parameters of permanent magnet generator for vehicle are designed according to the design theory of permanent magnet motor. In order to verify the rationality of the design, the magnetic field model of permanent magnet generator is established in Ansoft software, and the performance parameters such as magnetic flux density and coercivity are obtained by simulation analysis. The simulation results show that the structure parameters of the permanent magnet generator are reasonable and the performance parameters meet the design requirements. The simulation results provide a theoretical basis for the optimization design and further research of the permanent magnet generator for vehicle, and have practical guidance significance for product design.
Introduction
The permanent magnet generator has the characteristics of simple structure, no excitation winding, no carbon brush and slip ring, large magnetic field, and no external regulator. The only wear part of the whole generator is the bearing, that improve the reliability of the product, reduce magnetic leakage and make the idling performance of the generator better.
The magnetic circuit structures of permanent magnet generator is various, magnetic circuit is very complex, the proportion of magnetic flux leakage is also very large, ferromagnetic materials are easy to saturate, magnetic permeability is nonlinear, that leads to increasing complexity of electromagnetic calculation and reducing the accuracy of the calculation results. Therefore, the advanced analysis methods must be used to improve the accuracy of calculation.
Introduce of Magnetic Field Finite Element Method
The numerical methods of magnetic field include finite element method, finite difference method, boundary element method and so on. The finite element method is the most commonly used numerical method of magnetic field. The characteristic of the finite element method is to decompose the whole problem and make each region simple. It minimizes the error function and generates a stable solution by variational method, which is an approximate value. Finite element method is to simulate the real problems, but it cannot completely coincide with the actual problems or phenomena. Many practical problems are difficult to get accurate values. However, the finite element method has relatively high accuracy and can adapt to various shapes (including simple and complex shapes), so the finite element method has become the preferred and effective engineering analysis tool [1] . The concept of finite element method is simple but profound and easy to grasp. The problem of boundary value of differential equations is equivalent to conditional variational problems, which is basic idea. It can be analyzed in strict mathematical theory, It can also be understood at very intuitive physical analysis level [2] .
Permanent Magnet Generator
There are many types of generators. The common trends is to permanent magnetism, which will gradually replace the electrical excitation generator, so that the high-performance permanent magnet are widely used. Rare earth permanent magnets with high remanence density, high coercivity and high magnetic energy product can meet the needs of generators with large air gap length and air gap density, which is beyond the reach of ordinary generators. Permanent magnets have great flexibility in layout and design of magnetic circuit structure, which can meet the needs of tractors, micro-wind turbines, especially automotive industry, computer industry and aerospace engineering. According to the different requirements of different occasions, and different sizes and structures permanent generator can be designed. The principle of the permanent magnet generator is basically the same as electric excitation generator. The difference is that the permanent magnet generator does not need the excitation winding for excitation [3] .
Magnetic Circuit of Radial Excitation Permanent Magnet Generator
The radial permanent magnetic rotor structure of the permanent magnet generator has a lower leakage magnetic ratio than the tangential direction. Radial rotor permanent magnet generator can be divided into ring radial permanent magnet generator, star radial permanent magnet generator, rectangular radial permanent magnet generator and tile radial permanent magnet generator according to the shape of permanent magnet. The tiled structure can install the largest permanent magnet as far as possible under the condition of the smallest rotor diameter, so as to improve the magnetic density. In the same case, the coercivity of the permanent magnet material is high, the radial magnetization direction length of the permanent magnets is small, and the tiled permanent magnet has the advantage. As a tiled radial excitation structure generator, it can also use rectangular permanent magnet bar, which can reduce the difficulty of manufacturing. Cost can be reduced, and it has high intensity, is suitable for high-speed operation [4] [5] . The structure of radial excitation permanent magnet generator is shown in Figure 1 , it is composed of a permanent magnet, a rotor, a stator, a stator core, a stator winding, a front cover, a rear cover, a belt wheel, etc. Its magnetic path is shown in Figure 2 . 
Main Parameters of Permanent Magnet Generator
According to the theory of permanent magnet motor, the structure parameters of radial excitation permanent magnet generator are designed according to the design requirements. The design result is shown in Table 1 . 
Two-dimensional Finite Element Static Field Analysis
Two-dimensional magnetostatic solver is used to analyze the magnetic field of permanent magnet generator. Executing the menu command "Project / Insert Maxwell 2D Design", renaming the project to PMG and saving it in the project bar. Before modeling, it is necessary to select the analysis type of the model, select the "Maxwell 2D" solver type, select "Magnetostatic" in the solver menu, and select the XY coordinate type in the coordinate plane. Stator ring, stator slot and stator winding are drew and two-dimensional stator graph is formed and windings are put into stator slot, then rotor and permanent magnet model are drew, the material properties and boundary conditions of each part are set, the final model is obtained, it is shown in Figure 3 , and then meshing, grid diagram is shown in Figure 4 . Using the post-processing tool of Ansoft, the menu command of 'Maxwell 2D/Results/Solution data' is executed, and the dialog box of 'Viewing the Solution Results' is popped up. Through the operation of the dialog box, the curves of magnetic field strength and magnetic force line can be observed. The distribution of magnetic field lines is shown in Figure 5 . The distribution of magnetic field intensity is shown in Figure 6 . From Figure 5 , it can be found that the distribution of magnetic field lines near one end of the stator ring for each winding is the most dense and strongest,as well as flux density is the smallest in the rotor and stator slots, and it is the largest near the stator windings. At this time, the flux density of the stator yoke is 2.5322T, while the flux density of the stator yoke is 2.06 T in design. It can be seen that the flux density of the stator yoke meets the design requirements.
From the Figure 6 , it can be found that the highest magnetic field intensity appears at area around the stator winding, at this time the coercivity is 131313 KA/m, which is greater than the coercivity of design 920 KA/m, it indicats that the permanent magnet material has greater anti-demagnetization ability and can meet the design requirements.
Conclusion
By means of Ansoft, the two-dimensional modeling of radial excitation permanent magnet generator is built, grid is meshed, material type and boundary condition are defined. The simulation results show that the flux density and coercivity meet the design requirements. Using Ansoft software can improve the efficiency of modeling and analysis, the results are intuitive and clear, design accuracy of the generator is improved, and there is reference value for the verification of the generator design scheme and qualitative analysis.
